N eck pain is a common c o m p l a i n t in the adult general population, with typical 12-month prevalence estimates of between 30% and 50%. 27 Though chronic neck pain is less common, with 12-month prevalence estimates ranging from 2% to 11%, it often results in prolonged disability and substantial negative economic impact. 15, 27 Studies evaluating the cost-of-illness and cost-effectiveness of therapeutic interventions for neck pain have concluded that clinical research should focus on developing and investigating the most effective treatments for acute neck pain, to prevent patients from developing chronic pain and disability. 41 To this end, clinical practice guidelines have recommended the use of thrust joint manipulation (TJM) and nonthrust mobilization in this patient population. 7 Although there is strong evidence for such an approach, 31 physical therapists may be reluctant to utilize TJM in the cervical spine because of real or perceived risks associated with T T STUDY DESIGN: Prospective cohort/predictive validity study.
T T OBJECTIVE:
To determine the predictive validity of selected clinical examination items and to develop a clinical prediction rule to determine which patients with neck pain may benefit from cervical thrust joint manipulation (TJM) and exercise. T T BACKGROUND: TJM to the cervical spine has been shown to be effective in patients presenting with a primary report of neck pain. It would be useful for clinicians to have a decision-making tool, such as a clinical prediction rule, that could accurately identify which subgroup of patients would respond positively to cervical TJM.
T T METHODS:
Consecutive patients who presented to physical therapy with a primary complaint of neck pain completed a series of self-report measures, then received a detailed standardized history and physical examination. After the clinical examination, all patients received a standardized treatment regimen consisting of cervical TJM and range-of-motion exercise. Depending on response to treatment, patients were treated for 1 or 2 sessions over approximately 1 week. At the end of their participation in the study, patients were classified as having experienced a successful outcome based on a score of +5 ("quite a bit better") or higher on the global rating of change scale. Sensitivity, specificity, and positive and negative likelihood ratios were calculated for all potential predictor variables. Univariate techniques and stepwise logistic regression were used to determine the most parsimonious set of variables for prediction of treatment success. Variables retained in the regression model were used to develop a multivariate clinical prediction rule.
T T RESULTS: Eighty-two patients were included in data analysis, of whom 32 (39%) achieved a successful outcome. A clinical prediction rule with 4 attributes (symptom duration less than 38 days, positive expectation that manipulation will help, side-to-side difference in cervical rotation range of motion of 10° or greater, and pain with posteroanterior spring testing of the middle cervical spine) was identified. If 3 or more of the 4 attributes (positive likelihood ratio of 13.5) were present, the probability of experiencing a successful outcome improved from 39% to 90%.
T T CONCLUSION:
The clinical prediction rule may improve decision making by providing the ability to a priori identify patients with neck pain who are likely to benefit from cervical TJM and range-ofmotion exercise. However, this is only the first step in the process of developing and testing a clinical prediction rule, as future studies are necessary to validate the results and should include long-term follow-up and a comparison group.
[ research report ] these techniques. 16 Clinicians should certainly consider the potential benefits of TJM in the cervical spine relative to any potential risks, especially cervical artery dissection. These risks are well documented, and, as a result, premanipulative screening tools have primarily focused on identifying patients who may experience vertebrobasilar insufficiency or may have cervical arterial dysfunction. 6, 40 The use of these screening tools to rule out risk of arterial dissection associated with TJM is controversial. 57, 64 The lack of evidence for premanipulative screening has caused some authors to suggest that identifying patients for whom there may be risks associated with TJM in the cervical spine is virtually impossible and that perhaps the potential benefits may not outweigh the inherent risks. 16, 23, 24 This may explain why physical therapists will report utilizing TJM in the thoracic spine more frequently than in the cervical spine in patients with neck pain, 1 despite evidence that many of these potential negative outcomes may be prevented through careful examination. 56 Recent evidence suggests that TJM to the thoracic spine may improve pain and disability in patients with neck pain. 13 Treating the thoracic spine in these patients has demonstrated benefits and involves arguably less risk but may not completely address the patient's presenting symptoms and mobility impairments. Our experience and recent evidence 54 suggest that the addition of TJM to the cervical spine to a comprehensive management package improves clinical outcomes. Puentedura et al 54 completed a randomized controlled trial comparing TJM to the cervical spine versus the thoracic spine in patients with neck pain who met the criteria for a proposed clinical prediction rule intended to identify individuals with neck pain who would benefit from TJM to the thoracic spine. 12 Both groups received the same exercise program, and the results indicated that patients with acute neck pain (less than 30 days in duration) who received TJM to their cervical spine had greater improvements in neck disability (P.001) and pain (P.003) at all follow-up times than those who received TJM to the thoracic spine. 54 A clinical prediction rule for patients with neck pain who responded favorably to cervical TJM was developed in 2006 by Tseng et al 67 ; however, the study only addressed immediate (within-session) results, and the threshold for "success" might have been too low, as the pretest probability of success was 60%. With a pretest probability of success of 60%, and a positive likelihood ratio (+LR) of 5.33 (95% confidence interval [CI]: 1.72, 16.54) for at least 4 of 6 predictors present, the authors arrived at an 89% posttest probability of success. A +LR of 5.33 represents only a small to moderate shift in probability, 36 and the wide CI also detracts from the clinical utility of the rule. In addition, by only assessing for an immediate response, the study failed to provide information on longer-term outcomes that would have been more indicative of a true change in condition.
The purpose of this study was to develop a clinical prediction rule using a more rigorous design (ie, higher threshold for success, longer-term outcome) to identify patients with neck pain likely to benefit from TJM to their cervical spine, based on a reference standard of patientreported improvement. Developing this clinical prediction rule should be seen as only the first step in creating a tool to guide the use of TJM to the cervical spine in patients with mechanical neck pain.
METHODS

T
here are many rules of thumb in the statistical literature regarding adequate sample sizes for logistic regression. 17, 51, 52 Most suggest that a minimum of 10 cases of data should be collected for each predictor in the model; others suggest 15 cases of data per predictor. 17, 51, 52 These suggested sample sizes are thought to oversimplify the issue considerably, 17 as the required sample size depends on the size of the effects being measured and the power required to detect those effects. Furthermore, these rules of thumb suggest the number of variables expected to remain in the model and not the number that can be entered into the logistic regression model. For these reasons, it was determined that a sufficient number of patients had to be recruited to enable sufficient statistical assessment of a broad-enough number of predictors.
The recruitment strategy was a sample of convenience using a prospective cohort of patients with mechanical neck pain. To get an appropriate number of patients, consecutive patients with a primary complaint of neck pain were screened for eligibility criteria at outpatient physical therapy clinics in 4 different locations (Las Vegas, NV; Aurora, CO; Overland Park, KS; and Madrid, Spain). For patients to be eligible to participate, they had to be between 18 and 60 years of age, have a primary report of neck pain with or without unilateral upper extremity symptoms, and have a baseline Neck Disability Index (NDI) score of 10 points (out of 50) or greater. Exclusion criteria were as follows: any medical red flags suggesting that the etiology of symptoms might be nonmusculoskeletal; diagnosis of cervical spinal stenosis (as identified in the patient's medical intake form); bilateral upper extremity symptoms; evidence of central nervous system involvement; history of whiplash injury within 6 weeks of the examination; pending legal action regarding the neck pain; 2 or more positive neurologic signs consistent with nerve root compression (changes in sensation, myotomal weakness, or decreased deep tendon reflexes); or any history of cervical spine surgery, rheumatoid arthritis, osteoporosis, osteopenia, or ankylosing spondylitis. The study was approved by the University of Nevada, Las Vegas Office for Research Integrity -Human Subjects, and all study participants provided informed consent prior to their participation.
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Therapists
Five physical therapists participated in the examination and treatment of patients in this study. All therapists participated in a standardized training program, which included studying a manual of standard procedures with operational definitions and video clips demonstrating each examination and treatment procedure. All therapists attended a 1-hour training session with the principal investigator and were required to successfully demonstrate the examination and treatment techniques to ensure that all study procedures were performed in a standardized fashion. All 5 participating therapists were male, with a mean (range) of 43.6 (36-54) years of age and 17.9 (9-31) years of experience.
Examination Procedures
All patients underwent a standardized history and physical examination. Demographic information collected included age, sex, mechanism of injury (if any), location and nature of symptoms, and number of days since onset of symptoms. Self-report measures included the NDI, 13 the numeric pain rating scale (NPRS), 26, 27, 34 the Fear-Avoidance Beliefs Questionnaire, 73, 77 and the Tampa Scale of Kinesiophobia. 47, 63 The historical examination included a body diagram to assess the distribution of symptoms, follow-up questions regarding aggravating and relieving factors, 24-hour behavior of presenting symptoms, any prior history of neck pain, and patients' expectations about what would help their current episode of neck pain.
The physical examination followed the same protocol as that described in detail by Cleland et al 12 and began with a neurological screening examination followed by postural assessment. Cervical range of motion (ROM) was measured, and symptom response assessed, fol-lowed by assessments of muscle length and strength. The amount of motion and symptom response were recorded for segmental passive intervertebral mobility testing of the cervical spine and passive accessory intervertebral mobility testing of the cervical and thoracic spines (C2-T9). Reliability analysis of the clinical examination procedures was not undertaken, as these values are well documented in the literature. 11, 12 The physical examination was then concluded with a number of special tests typically performed in the examination of patients with neck pain, including the Spurling test, 66 the neck distraction test, 74 and the upper-limb neurodynamic test for the median nerve. 55 Patients were screened for any signs of vertebrobasilar insufficiency, such as nystagmus, gait disturbances, and Horner syndrome, as well as for upper cervical spine ligamentous laxity through the Sharp-Purser test, alar ligament stress test, and transverse ligament test. 8 If any patients had a positive finding on any of these final screening tests, they were excluded from the study.
Treatment
All patients participating in the study received a standardized treatment, regardless of the results of the clinical examination. This was necessary because treatment outcome was to serve as the reference criterion. 35 Each patient received a supine TJM to the cervical spine directed to an appropriate level between C3 and C7 (FIGURE 1, ONLINE VIDEO). Therapists participating in the study were allowed to use discretion in selecting the level they felt was more restricted, then performed an upslope (rotation) technique at that level to each side of the cervical spine. The TJM technique used in this study has been described in detail elsewhere. 54 Immediately after performing the TJM, the treating therapist recorded whether there was an audible cavitation. If the therapist and patient did not hear or feel a cavitation, the therapist repeated the TJM to an allowable maximum of 2 thrusts to each side. Following the TJM techniques, all FIGURE 1. Cervical spine thrust manipulation used in this study. The therapist used his manipulative hand to localize the motion segment targeted and used both hands to perform a high-velocity, low-amplitude thrust into rotation, which was directed up toward the patient's contralateral eye (ONLINE VIDEO).
FIGURE 2.
Following the thrust joint manipulation to the cervical spine, each patient performed the 3-finger exercise for cervical rotation, as used in a previous study. With this exercise, the cervical spine is brought in flexion to the point where there is a 3-finger space between the manubrium and chin. Rotation of the cervical spine is then performed in both directions, while maintaining the same amount of neck flexion. 53 [ research report ] patients were instructed in gentle active ROM exercise (10 repetitions performed 3-4 times daily) (FIGURE 2) and advised to maintain usual activity within the limits of pain. The patient was scheduled for a follow-up visit 2 to 4 days after the baseline exam.
The global rating of change (GROC) was used as the reference criterion for establishing a successful outcome following treatment. The GROC is a 15-point scale with the anchors at -7 (a very great deal worse), 0 (about the same), and +7 (a very great deal better). It was determined a priori that patients who rated their perceived recovery on the GROC as +7 (a very great deal better), +6 (a great deal better), or +5 or higher (quite a bit better) at the second session would be categorized as a success and their participation in the study would be complete. This high threshold for determining a successful outcome was based on previous similar studies, 12, 13 with the intent to maximize the likelihood that the clinical outcome could be attributable to meaningful improvements in symptoms due to the treatment as opposed to the passage of time.
Patients whose scores on the GROC did not exceed the cutoff of +5 or greater at the second session again received bilateral cervical TJM as described for the first treatment, and were instructed to continue their cervical ROM exercises and usual activity. At the start of the third session, patients again completed the GROC and were categorized as having achieved success, or not, based on the previously described threshold for success. At this point, the patient's participation in the study was complete, and further treatment was administered at the discretion of the patient's treating therapist. A flow diagram showing subject recruitment, including reasons for ineligibility and dropout, is provided in FIGURE 3.
Adverse Events
All patients were asked to report any adverse events or treatment side effects at each follow-up. We defined an adverse event as a sequela with moderate to severe symptoms that were serious, distressing, and unacceptable to the patient and required the patient to withdraw from further participation in the study. We defined treatment side effects as short term (resolved by the time they returned for follow-up), mild in nature, nonserious, and reversible consequences of the treatment, such as increased neck pain, headache, and fatigue.
Data Analysis
Patients participating in the study were dichotomized as having experienced or not experienced a successful outcome based on the previously described cutoff for the GROC. Mean NDI and NPRS change scores and 95% CIs were calculated for both groups and analyzed using an independent t test to ascertain difference between the groups. The success group and the nonsuccess group were then compared on each of the variables from the history and physical examination using independent-samples t tests for continuous variables and chi-square tests for categorical variables. We decided to only retain variables with a significance level of P<.05 to minimize the number of predictor variables entered into the regression model. All potential predictor variables found to be statistically significant in the comparison between the success and nonsuccess groups were further analyzed using receiver-operator-characteristic (ROC) curves, with the dichotomous outcome of success. Sensitivity and specificity values were calculated for each level of the variable and plotted on a ROC curve, at which time a cutoff point was determined for each variable. The point on the curve that was nearest the upper left corner represented the value with the best diagnostic accuracy, and this point was selected as the cutoff defining a positive test within this study. If 2 points were equidistant, then the point at which the curve made a marked turn after the steep initial section was determined to be the cut-point.
Using these ROC curve-generated cutoff points, each score was dichotomized as above or below the cut-point and the following were calculated: sensitivity, specificity, and positive and negative LRs. These dichotomized potential predictor variables were then entered into a backward (LR) stepwise logistic regression model to determine the most parsimonious set of variables for prediction of treatment success. Backward entry was used because it is generally considered the preferred method for exploratory analyses. 17 Variables retained in the regression model were then used to develop a multivariate clinical prediction rule for classifying patients likely to benefit from cervical TJM for this study sample.
Variables that demonstrated a significant (P<.05) univariate relationship with the GROC reference criterion were then assessed for multicollinearity. Variables that were highly correlated contributed essentially the same information and did not have a statistically significant impact on predicting the dependent variable. Individual R 2 value and variance inflation factor were assessed for each of the variables. Variables that exhibited high R 2 and variance inflation factor values were determined to be collinear and would, therefore, affect model fit by multicollinearity. This issue was resolved by either combining a pair of correlated variables or removing 1 of the 2 correlated variables. As an example, "cervical rotation range to the right" was highly correlated with "cervical rotation range to the left." Therefore, a new variable named "sideto-side difference in rotation ROM" was created. Because "side-to-side difference in rotation ROM" was highly correlated with "side-to-side difference in lateral flexion ROM," it made clinical sense to remove "side-to-side difference in lateral flexion ROM" and to keep "side-to-side difference in rotation ROM," cervical rotation differences being easier for clinicians to assess using the clinical prediction rule.
After combining or eliminating correlated variables, 9 variables were left to consider for entry into logistic regression. Although logistic regression is capable of handling both continuous and categorical data, the remaining 9 variables were converted to dichotomous (yes/no and present/not present) attributes. This was done on the basis that the clinical prediction rule would be easier to administer clinically if therapists simply had to determine whether the predictor attribute was present (positive) in a particular patient rather than the extent to which it was present. Cutoff values for continuous and ordinal data were determined by ROC curves, and resulted in symptom duration of less than 38 days, current pain rating of greater than 5, side-to-side difference in cervical rotation ROM of 10° or greater, and deep neck flexor endurance of less than 18 seconds. These 4 dichotomized attributes were then combined with 5 additional attributes (containing nominal data) that exhibited a significance level less than .05, resulting in 9 potential predictor attributes (independent variables) to be entered into the logistic regression.
RESULTS
B
etween October 2009 and May 2011, 82 patients were recruited for the study. All patients enrolled in the study completed all requirements (there were no dropouts). Subject demographics and initial baseline variables from the patient history and self-report measures for patients, as well as the success and nonsuccess groups, are in TABLE 1. From the baseline clinical examination variables for all patients and both groups, continuous data are in TABLE 2 and categorical data in TABLES 3 through 6. Thirty-two patients (39%) were categorized as having achieved a successful outcome and 50 (61%) as a nonsuccessful one. Twenty of the 32 patients (62.5%) reported success after the initial treatment, and the remaining 12 after 2 sessions. The mean  SD number of days between visits 1 and 2 was 2.8  0.8 and 2.7  0.9 (P = .27) for the success and nonsuccess groups, respectively. The mean  SD number of days between visits 1 and 3 was 5.7  0.9 and 5.3  1.0 (P = .60) for the success and nonsuccess groups, respectively. Analysis of NPRS and NDI change scores revealed that the success group experienced significantly greater improvements (P<.001) in pain (NPRS change score, 3.5; 95% CI: 3.0, 4.1) compared to the nonsuccess group (NPRS change score, 1.1; 95% CI: 0.7, 1.5) (FIGURE 4) and significantly greater improvements (P<.001) in disability (NDI change score, 9.6; 95% CI: 8.2, 11.0) over the nonsuccess group (NDI change score, 5.4; 95% CI: 4.2, 6.7) (FIGURE 5).
No patients experienced an adverse event that required them to withdraw from further participation in the study. After the first treatment session, 10 patients reported treatment side effects such as increased neck pain, headache, and fatigue. The presence of these increased symptoms led them to report worsening (negative scores) on the GROC (FIGURE 6). However, by the final session, only 5 patients reported continued worsening on the GROC (FIGURE 7) .
The accuracy statistics and 95% CIs for all 9 potential predictor attributes entered into the regression are in TABLE The +LR ranged from 1.75 to 6.77, with the strongest predictor being "side-toside difference in cervical rotation ROM of 10° or greater." Of the 9 predictor attributes entered into the regression, the following 4 attributes were retained in the final model: symptom duration less than 38 days, a positive expectation that manipulation will help, side-to-side difference in cervical rotation ROM of 10° or greater, and pain with posteroanterior spring testing of the middle cervical spine (χ 2 = 71.6, df = 4, P<.001, Nagelkerke R 2 = 0.790). A combination of these 4 attributes was considered to be the most accurate predictor to identify those patients with neck pain who will likely ben-efit from cervical TJM. All 16 patients who met all 4 criteria were in the success group. Twenty-six of the 29 patients who were positive on at least 3 of the criteria were in the success group. Of the 53 patients who exhibited 2 or fewer of the 4 criteria, 47 were in the nonsuccess group (TABLE 8) . Accuracy statistics were calculated for each level of the clinical prediction rule (TABLE 9). The pretest probability for the likelihood of success with TJM for this study was 39%. That is, 39% of the patients exhibited treatment success regardless of their clinical profile. However, taking into account the model of their clinical profile, if the patient exhibited at least 3 of 4 attributes, the +LR was 13.5 (95% CI: 4.5, 41.1) and the posttest probability of success increased to 90% (95% CI: 74%, 96%). The posttest probability of achieving a successful outcome if 2 or more of the 4 attributes were present was 68% (95% CI: 58%, 76%). If the criterion for being positive on the rule was reduced to only 1 or more of the 4 attributes being present, the +LR decreased to 1.2 (95% CI: 1.0, 1.4) and the posttest probability of success was only 43% (95% CI: 40%, 46%).
DISCUSSION
A s previous clinical prediction rule derivation studies 12, 18, 26, 48 have done, the present study focused on the +LR to identify patients with neck pain who would experience a successful outcome with cervical TJM. The +LR is considered the most useful statistic to determine a change in probability that a patient will likely have a successful outcome based on positive test findings. 35 We have developed a clinical prediction rule that maximizes the +LR (13.5) for identifying patients with neck pain who might respond rapidly and positively to a TJM technique applied to the midcervical region. Based on our results, a patient with neck pain who exhibited at least 3 of 4 criteria and was treated with TJM to the cervical spine showed an increase from a pretest probability of success of 39% to a posttest probability of success of 90%. This represents a significant shift in probability and a potentially powerful tool to guide clinical decision making in the use of cervical TJM for treating patients with nonradiating neck pain.
Due to concerns regarding the potential risks associated with cervical TJM, adverse events were monitored during the course of the study. There were no serious adverse events encountered during the study that required the withdrawal of patients from the study. A small percentage of patients (12%) reported worsening of their symptoms after the first treatment session (FIGURE 6), and 1 patient reported feeling "a very great deal worse" (GROC, -7). Despite this, all 10 patients underwent a repeat cervical TJM during their second session, of whom only 5 (6%) continued to report worsening on the GROC at the third visit (FIGURE 7) . It is important to remember that all patients participating in this study were screened for contraindications and precautions for TJM to the cervical spine and were excluded from participation if they exhibited any such contraindications. This underscores the importance and value of the thorough history and physical examination prior to intervention. The absence of the combination of predictor attributes derived from this study may also be helpful in identifying patients with neck pain who should receive forms of treatment other than TJM. All 27 patients in the study who exhibited only 1 of the predictor attributes and all 8 patients who had none of the attributes failed to achieve success. Given the lower likelihood of success associated with the absence of a combination of these attributes, therapists should carefully weigh the benefit-risk ratio in deciding whether to include cervical TJM as a part of the treatment for such patients and perhaps consider more appropriate treatment options.
The success rate of 39% for the entire heterogeneous group of patients in this study was lower than the previously reported rate of successful outcomes for manipulating the thoracic spine in patients with neck pain (54%). 12 It was also lower than the values obtained for the percentage of successful outcomes of manipulating the lumbopelvic region in patients with mechanical low back pain (45%). 18 This may be explained by the possibility that patients with neck pain who are more likely to benefit from cervical TJM represent a small subset of the heterogeneous group of patients with neck pain. Fritz and Brennan 20 conducted a preliminary examination of a classifica-tion system for patients with neck pain proposed by Childs et al, 10 examining case data for 274 consecutive patients receiving physical therapy. They found that the most common classification subgroup was centralization (34.7%), followed closely by the exercise-and-conditioning subgroup (32.8%). The mobility subgroup (those presumed to respond more favorably to cervical TJM and exercise) represented only 17.5% of the patients. The remaining subgroups of headache and pain control accounted for 15% of the 274 patients. The 39% who were found to have successful outcomes from the TJM in our study, which is considerably larger than the subgroup reported by Fritz and Brennan, 20 may be explained in 1 of 2 ways: the subgroup for mobility may actually be larger than that reported by Fritz and Brennan 20 or subgroups other than just the mobility subgroup may benefit from cervical TJM.
Attributes Identified in the Clinical Prediction Rule
From the broad list of potential variables for inclusion in our clinical prediction rule for patients with nonradicular neck pain, only 4 predictor attributes were selected for the final model: symptom duration less than 38 days, a positive expectation that manipulation will help, side-to-side difference in cervical rotation ROM of 10° or greater, and pain with posteroanterior spring testing of the middle cervical spine. Because these 4 attributes represent an important aspect of clinical decision for success in cervical TJM, we will discuss each in turn.
Duration of Symptoms
In previous studies, shorter duration of symptoms was the predictor with the highest +LR (6.4) in identifying patients with neck pain who were likely to have a successful outcome with thoracic manipulation, 12 and it was also the predictor with the highest +LR in identifying patients with low back pain who were likely to benefit from lumbar spine manipulation (4.39). 18 Furthermore, several studies have shown that patients who receive physical therapy care soon after the onset of their musculoskeletal condition have a better prognosis compared to those who receive care later. 54, 75, 79 But, although we also found symptom duration to be a predictor with a high +LR (6.0), unlike previous studies, it was not the variable with the highest +LR. 12, 18 
Difference in Cervical Rotation ROM
The proposed mechanisms of spinal TJM are thought to involve biomechanical, neurophysiological, and placebo effects. Thus, the remaining 3 predictor attributes appear to have some face validity. 
[ research report ]
We found that a side-to-side difference in cervical rotation ROM of 10° or greater (FIGURE 8, ONLINE VIDEO) was the predictor that demonstrated the highest +LR (6.8). Of interest is that in this study we used a rotation (upslope) cervical TJM technique, which is purported to have a biomechanical effect of "opening" or distracting the articular surfaces of the particular zygapophyseal (facet) joint receiving the manipulative thrust. 22 The arthrokinematics of the facet joints in the cervical spine have been thoroughly researched over many years and appear to be well accepted. 14, 21, 37 Lateral flexion and rotation are coupled motions in the cervical spine. In the upper cervical segments (0-C1 and C1-C2), lateral flexion is coupled with contralateral rotation and rotation is coupled with contralateral lateral flexion. 33, 34, 44 The opposite has been observed in the lower cervical spine (C3-C7), where coupling motions are ipsilateral. 3, 53 Furthermore, Bogduk and Mercer 3 and Mercer and Bogduk 46 have suggested that the notion of lateral flexion and rotation in the cervical spine might be an artificial construct, arguing that this movement should be viewed as a gliding that occurs in the plane of the facet joints.
In our study, patients who exhibited decreased ROM in rotation to 1 side also demonstrated decreased ROM in lateral flexion to the same side. We found a side-to-side difference in cervical rotation ROM to be highly correlated with a side-to-side difference in cervical lateral flexion ROM (r = 0.80, P<.001), and, therefore, eliminated 1 or the other when finalizing the test variables to enter into our prediction model. We chose cervical rotation ROM difference over lateral flexion ROM difference on the clinical grounds that it is arguably easier for Combination of Predictor Attributes and Associated Accuracy Statistics (95% Confidence Intervals) *The probability of success is calculated using the positive likelihood ratios and assumes a pretest probability of 39%. Predictor attributes included: symptom duration of less than 38 days, a positive expectation that manipulation will help, side-to-side difference in cervical rotation range of motion of 10° or greater, pain with spring (posteroanterior) testing of the middle cervical spine. clinicians to measure. Furthermore, the cutoff points for the ROC curve favored rotation (10° difference or greater), as it exceeded the standard error of measurement of 5.5°, whereas lateral flexion (4.5° difference or greater) did not exceed the standard error of measurement of 7°. 11 We found that patients with neck pain who exhibited a difference in cervical rotation ROM to either side were limited toward the painful side or, in the case of patients with bilateral neck pain, toward the more painful side. It could be argued that rotation toward the painful side may cause the facet joints on that side to close down (articular surfaces would approximate) due to the coupled same-side lateral flexion. Rotation away from the painful side may cause the facet joints on the painful side to open (articular surfaces would be distracted) due to the coupled same-side lateral flexion. The therapists who participated in this study were instructed to apply the rotation (upslope) cervical TJM technique in the nonpainful (or least painful) direction first, then to apply the same technique to the opposite side. It is biomechanically plausible that the cervical TJM technique might have provided an opening (distraction) force to facet joints that were painful with closing down. A recent review article concluded that more than 50% of patients presenting to a pain clinic with neck pain may suffer from facet-related pain. 69 Several studies report the presence of synovial folds, 32, 68, 76 meniscoids, 19 and fat pads 65 within facet joints that may become entrapped during aberrant motions of the cervical spine and lead to the onset of neck pain. It seems plausible that if such entrapment did occur, motions that would require the affected joints to close down against the entrapped tissues would provoke symptoms. The possibility of nociceptive tissues being entrapped within facet joints in patients with acute neck pain would lend support to the idea that a cervical TJM technique may allow for release of the impinged nociceptive tissues with a subsequent amelioration of pain.
Number of Predictor
Pain With Posteroanterior Spring Testing of the Middle Cervical Spine
Although the reliability of manual palpation of the cervical spine has been called into question, 60, 70 palpation for spinal tenderness has been shown to be highly reliable. 29 It seems reasonable that a test assessing the presence of local symptoms (pain) in the cervical spinal segments to receive a cervical TJM technique would be identified as a predictor of success (FIGURE 9, ONLINE VIDEO) . In contrast, the population of patients with neck pain who do not report pain with palpation in spinal segments may be a different subgroup of patients presenting with chronic muscular or centrally sensitized pain. Patients with chronic pain or central sensitization have been shown to report widespread pain and difficulty accurately locating their pain. 59, 61, 78 In cases in which a patient's experience of neck pain has extended beyond a local mechanism (eg, facet joint arthropathy), it would be reasonable to conclude that a local treatment technique, such as cervical TJM, would not be as likely to provide immediate benefit.
Positive Expectation That Manipulation Will Help
Unlike the other attributes discussed so far, which are theoretically and logically classified as treatment-effect mediators (factors that change as a consequence of the treatment and thereby influence outcome), a positive expectation of manipulation is classified as a treatment moderator because it is a baseline characteristic that may influence the outcome of treatment. 50 The finding that a positive expectation for manipulation was predictive of success is consistent with the fact that expectation of benefit (placebo) has been shown to have a robust effect on pain. 71, 72 These nonspecific effects need to be considered more carefully in all future research of treatment interventions. We sought to ensure that the intervention (TJM) was delivered in a standard- [ research report ] ized manner, so as not to confound our results by affecting patient expectations about their clinical outcome. All 5 therapists who collected data for this study gave participants a standardized narrative about the cervical TJM intervention to be used and limited their discussion to the information provided in the informed-consent form. The questionnaire used in this study to assess for treatment expectations is provided in the APPENDIX.
Perceived Recovery Versus Perceived Disability
As in a previous clinical prediction rule derivation study involving patients with neck pain, 12 we chose to use perceived recovery using the GROC to determine success rather than a perceived level of disability using the NDI. This was based on the fact that the GROC is considered to be a valid reference standard for identifying clinically important change. 5, 30 We also chose to use perceived recovery as the reference criterion, because the NDI has been criticized for not adequately capturing low levels of disability and for not being responsive to small but clinically important changes in patients with low levels of initial disability. 28 The mean change score for the NDI in patients who reported success was 8.7 (lower-bound estimate of 95% CI, 4.0) and in patients who reported nonsuccess was 6.2 (lowerbound estimate of 95% CI, 1.7), meaning that both change scores exceeded the recommended minimal detectable change of 5 points, but only the success group exceeded the minimal clinically important difference of 7 points. 43 However, with standard deviations of 4.71 and 4.46, respectively, there were some patients in the success group who failed to exceed the minimal detectable change and minimal clinically important difference, and, equally, some patients in the nonsuccess group who did exceed the minimal detectable change and minimal clinically important difference for the NDI. Additionally, measures of success ratings based on the patient's perceived recovery have previously been used in clinical trials with physical therapy interventions. 28 Finally, this study only examined the shortterm effects of cervical TJM in patients with neck pain, and within that short time frame the perception of recovery may be more appropriate to use than the perceived level of disability remaining. In studies that follow patients over a longer period (eg, 4 weeks, 6 months), perceived disability may be more appropriate. 54 Jaeschke et al 36 have proposed that a score of +4 on the GROC provides increased confidence that improvement or recovery has occurred. Similar to a previous clinical prediction rule derivation study, 12 we chose to use a higher threshold for defining success (+5 through +7) to provide a greater degree of distinction between patients who improved dramatically and those who might have improved over time due to the natural history of their disorder. In this study, we identified potential predictor attributes of patients with neck pain who might respond rapidly to cervical TJM; however, this is only the first in a 3-step process for developing and testing a clinical prediction rule, 45 and future studies are necessary to examine the validity of our results.
Limitations
Cointerventions such as medication and self-directed exercise are potentially confounding variables. We sought to control for these confounding variables by directing patients in the study to continue with their present medication and activities, while not initiating the use of any new medication or activity while they were participating in the study. We collected data on medication usage and found no statistical difference in medication usage (over the counter or prescription) between the 2 groups.
Although data for this study were collected from 4 geographic locations, there was an unequal distribution of patients among the 4 sites. Data were collected from 42 patients (51%) in Madrid, Spain, 26 patients (32%) in Las Vegas, NV, 9 patients (11%) in Aurora, CO, and, finally, 5 patients (6%) in Overland Park, KS.
Rates of success reported by patients at each location were as follows: Madrid, 38.1%; Las Vegas, 30.8%; Aurora, 66.7%; and Overland Park, 40.0%.
A further limitation applicable to this study was that the cervical TJM technique used might not have been specific to the targeted vertebral segments. Evidence suggests that both thrust and nonthrust manipulation techniques may not be joint specific 4, 58 ; however, this was adequately addressed by not claiming that the cervical TJM technique used in this study was specific to any segment. It could also be argued that the results of this study could not be specifically correlated with the cervical TJM technique, as gentle cervical ROM exercises were also incorporated in the intervention. The cervical ROM exercises were included to more closely approximate clinical practice, where therapists are likely to use more than a single intervention. Additionally, the incorporation of a basic ROM exercise was consistent with other studies that developed 18 and validated 9 a clinical prediction rule for patients with low back pain, and developed 12 but failed to validate 13 a clinical prediction rule for patients with neck pain who would improve with thoracic manipulation.
Finally, as with other clinical prediction rule derivation studies, this was a single-arm design, and without a control group it is not possible to determine whether the clinical prediction rule identifies prognosis (regardless of treatment) or response to the specific treatment. 2, 25, 49 Without a control group, we cannot know whether improvement after the clinical prediction rule treatment was actually due to the treatment. This is considered a significant limitation of the single-group design, in that an initially hypothesized clinical prediction rule does not have prescriptive validity. 49 Patients in our singlegroup study who improved might have had a more favorable natural history, and, consequently, patients who were positive on our initially hypothesized clinical prediction rule might have done just as well with no cervical TJM intervention. 25 This has led to calls for dual-arm randomized controlled trial designs in the development of clinical prediction rules 25, 38, 39 ; however, treatment-based clinical prediction rules have often been developed using a single-arm design, as it allows for a large number of variables to be studied. 42 It is worth noting that all patients in this study had the benefit of a detailed history and physical examination prior to receiving TJM to the cervical spine and ROM exercises. This study, therefore, developed a clinical prediction rule that identified individuals with neck pain who would respond favorably to the combination of a thorough examination (history and physical), cervical TJM, and ROM exercises. We cannot determine the contribution of the examination to the outcome, and it is possible that the examination might have provided some therapeutic benefit to the patient.
Although an initially hypothesized clinical prediction rule may not have prescriptive validity, it is seen as helpful in some situations. 49 The patients in our single-group study who were positive on the clinical prediction rule comprised a prospective case series in which improvement after the clinical prediction rule treatment (TJM) was highly likely. 2 According to Straus et al, 62 this provides low-level evidence that patients in the clinic who are positive on the clinical prediction rule are also likely to improve after cervical TJM. Finally, this single-group-design study to derive a clinical prediction rule should be seen as the first in a 3-step process to develop a treatment-related clinical prediction rule for patients with neck pain who will respond rapidly and favorably to cervical TJM.
CONCLUSION
W e have developed a clinical prediction rule that identifies patients with neck pain who are likely to rapidly and dramatically respond to cervical spine TJM and ROM exercises. Such a clinical prediction rule will be ad-vantageous in determining which individual patients are likely to respond (and not respond) to this treatment strategy. Future studies are necessary to validate the clinical prediction rule and determine if the use of the clinical prediction rule results in improved outcome and decreased costs in the treatment of individuals with neck pain. t
KEY POINTS
FINDINGS: A preliminary clinical prediction rule with 4 attributes to identify individuals with mechanical neck pain who respond to cervical TJM was identified: symptom duration of less than 38 days, positive expectation that manipulation will help, side-to-side difference in cervical rotation ROM of 10° or greater, and pain with posteroanterior spring testing of the middle cervical spine. If at least 3 attributes were present (+LR, 13.5), the probability of experiencing a successful outcome increased from 39% to 90%. IMPLICATIONS: The findings provide preliminary evidence to support the ability to identify patients with neck pain who will be more likely to benefit from cervical TJM by using select attributes from the clinical examination. CAUTION: Future studies are necessary to validate these results and should also include long-term follow-up and a comparison group to further examine the predictive value of the attributes identified in the clinical prediction rule.
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TREATMENT EXPECTATIONS Indicate by circling the comment next to the treatment that corresponds to your amount of agreement with the following statement. Substitute each treatment into the blank as you consider your response.
I believe ________________ will significantly help to improve this episode of my neck pain.
Note: If you have never received a particular treatment, base your answer on how much you think it would help if you were to receive this treatment. Ask your physical therapist about any treatment that is not familiar to you.
Medication
Completely 
FOR THE CLINICIAN
The above form was used to collect the data on expectation for this study. A similar form should be used to assess patient expectation in the clinic and determine the presence of this attribute.
You can basically disregard all answers except the manipulation question.
If the patient circles "completely disagree," "somewhat disagree," or "neutral," then there is NOT a positive expectation that manipulation will help their neck pain, that is, negative for that predictor in the newly developed clinical prediction rule.
If the patient circles "somewhat agree" or "completely agree," then there IS a positive expectation that manipulation will help their neck pain, that is, positive for that predictor in the newly developed clinical prediction rule.
APPENDIX VIEW Videos on JOSPT's Website
Videos posted with select articles on the Journal's website (www.jospt.org) show how conditions are diagnosed and interventions performed. For a list of available videos, click on "COLLECTIONS" in the navigation bar in the left-hand column of the home page, select "Media", check "Video", and click "Browse". A list of articles with videos will be displayed.
